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ABSTRACT
The use of Dispersed or Distributed Generation (DG) has been increased in recent years to fill the gap between 
supply and demand of energy, as the sources of conventional power generation are depleting fast. DGs through static 
compensators are also used for improving the power quality of distribution systems like mitigation of voltage dips 
and  compensation  of  harmonics.  Shunt,  series,  and  series-shunt  type  of  configuration  of  static  compensators 
combined with DG have been proposed in the literature.  
This paper  presents a feasibility analysis of DGSC-UPQC (Distributed Generation based Static Compensator as 
Unified Power Quality Conditioner),  a series-shunt type of static compensator with DG.  The  analysis has been 
carried  from technical and  economical aspects  when the  device  i.e.  DGSC-UPQC  is  used for compensation of 
unbalance in source voltages and load currents and power factor improvement. Simulation results show the capability
of the DGSC-UPQC to compensate the unbalance in source voltages and load currents satisfactorily.  
Keywords: Distributed Generation, UPQC
1. INTRODUCTION
The electrical power generation by conventional methods needs augmentation to bridge the gap between demand and 
supply along with new generation techniques for clean environment, which has given rise to generation by alternate 
sources of energy like solar [1], wind, small hydel, and micro turbines. These alternate methods are together called 
dispersed or Distributed Generation (DG) of electrical energy. Direct interconnection of DG into the distribution 
system leads to the problems related to power quality, protection, etc.  Power quality issues related to interconnection 
of DG are service voltage, wave form distortion, power factor, etc. The influence of DG on power quality depends on 
DG type, size and the type of interface [2]. Detailed models for different types of power electronic converter systems 
to couple Distributed Resource (DR) units with the existing grid are presented in [3]. DGs, besides standby or back-
up sources of electrical power, are proposed in the literature for improving the power quality of distribution systems. 
DC or inverter based DG is used for mitigation of voltage dips [4] and compensation of harmonics [5]. In [6], UPQC 
with a series-shunt configuration of (Voltage Source Inverters) VSIs is proposed for power quality improvement of a 
distribution system. Though, the shunt configuration seems to be a suitable method of reactive power compensation. 
But,  in  the  case  of  series  compensation  the  condition:  maintenance  of  injected  voltage  and  the  line  current  in 
quadrature may need relaxation, when the UPQC is fed from a DG source. 
This paper presents feasibility analysis of DGSC-UPQC from technical and economical aspects. The paper can be 
organized as follows. Section 2 presents conventional UPQC. Section 3 presents an analysis on DGSC-UPQC for 
compensation of unbalance in load voltages and currents. Section 4 presents economical operation of DGSC-UPQC. 
Simulation results are presented in Section 5. Conclusion on the work carried is presented in Section 6.
2. CONVENTIONAL UPQC
Single-line diagram of a distribution system with conventional UPQC is shown in Figure 1. UPQC consists of back-
to-back connected VSIs named as VSI-1 and VSI-2. The DC side of two VSIs is linked to DC link capacitor. 
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The AC side of VSI-1 through a series transformer is connected at supply or source side. Whereas, the AC side of 
VSI-2 through a shunt transformer is connected at the load. VSI-1, series transformer, and DC link capacitor forms 
the series component or device. VSI-2, shunt transformer, and DC link capacitor forms the shunt component. Series 
component  is  used  for  compensating  unbalance  in  source  voltages  and  voltage  regulation,  etc.  Whereas,  shunt 
component is used for compensation of unbalance in source currents. 
UPQC, combination of series and shunt component (arranged: left or right, with reference to series component), is 
proposed in [6] with the following functions:
 Series component injects voltage in quadrature with the (line) current, so that the real power transfer between the 
series component and the distribution system is zero i.e. real power requirement by the (series component of) 
UPQC is zero. 
 Shunt component provides compensation of reactive power and unbalance in (source) currents.
Though the second function, mentioned above, is suitable method of compensation as it relieves the source or supply 
from supplying reactive power, improves the power factor of the system, etc.  But in the case of series component the 
stipulation made above, i.e. maintenance of injected voltage and the line current in quadrature may need relaxation 
when the UPQC is fed from a DG source. As the series component has to supply active power produced by the DG 
into the system. 
3.  ANALYSIS OF DGSC-UPQC
Single  line  diagram  of  DGSC-UPQC  is  shown  in  Figure 2.  DG  source  (i.e.  diesel  engine  driven  synchronous 
generator) is connected to the DC link through a rectifier. Active power required by UPQC and the loads connected 
to the distribution system is supplied from the DG source. Whereas, in the case of UPQC without a DG source 
(shown in Figure 1) active power is drawn from the system to which the device (i.e. UPQC) is connected.   
Figure 2. DGSC-UPQC
3.1 Analysis of Series Component of DGSC-UPQC
Single line diagram of distribution system (given in Figure 2) with a series component of DGSC-UPQC is shown in 
Figure 3. The series component is represented by an ideal voltage source. The main aim of the series component is to 
supply real and reactive power into the system, in conjunction with the compensation of unbalance in load voltages. 
Unbalance in source voltages causes unbalance in load voltages. ‘Vs’ is the source voltage, ‘rs’ and ‘xs’ are resistance 
and inductive reactance behind the source/supply voltage. ‘Is’ is the source current. ‘Vt’ and ‘αt’ are magnitude and 
phase of the voltage at the series terminal of the device. ‘Vse’ and ‘Φse’ are the magnitude and angle of the voltage 
injected by the series device.  ‘VL’ and ‘βL’ are magnitude and phase of the voltage across load. ‘ZL’ and ‘θL’ are 
magnitude and angle of the impedance of load.
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In Figure 3 ‘Ps1’ and ‘Qs1’, i.e. positive sequence active and reactive power at the terminal of the source, is given by 
eqn. (1) and eqn. (2) respectively. Where,  Vs1 represents the magnitude of the positive sequence source voltage.
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Z
V
V P L s1 L
L
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s1 s1                   (1)                                                                                                                 
) Sin(θ Is V ) Sin(θ
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   Positive sequence active and reactive power injected i.e. ‘Pcse1’ and ‘Qcse1’, through the series voltage source, into 
the system is given by eqn. (3) and eqn. (4) respectively. Where,  Vse1 and Φse1 is the magnitude and phase of the 
positive sequence injected voltage.  
) θ - Cos( I V ) θ - Cos(
Z
V
V P L se1 s se1 L se1
L
L1
se1 cse1       (3)                                                                                                                     
) θ - Sin( I V ) θ - Sin(
Z
V
V Q L se1 s se1 L se1
L
L1
se1 cse1        (4)                                                                                          
   ‘PL1’ and ‘QL1’ are positive sequence active and reactive power drawn by the load, and are given eqn. (5) and eqn. 
(6) respectively.  
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   Applying power balance equation (using eqn. (1), eqn. (3) and eqn. (5)) at the receiving end, eqn. (7) is obtained.
  V - V
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   Substituting the expression for CosθL and SinθL, from eqn. (5) and eqn. (6), in eqn. (7) we get eqn. (8).
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   Eqn. (8) gives the magnitude of the (positive sequence) voltage to be injected by the series device for real and 
reactive power supply to the distribution system; along with the compensation of unbalance in load voltages. 
In a three phase system (with the phases named as phase-a, phase-b, and phase-c) with unbalanced source voltages 
and balanced load currents, negative and positive sequence active and reactive power are zero. Therefore, eqn. (8) in 
terms of a-b-c phases can be expressed as eqn. (9), eqn. (10) and eqn. (11). Where ‘PLa’, ‘PLb’ and ‘PLc’ are the active 
power drawn by the loads of the three phases. ‘QLa’, ‘QLb’ and ‘QLc’ are the reactive power of the loads of the three 
phases.  ‘Φsea’, ‘Φseb’ and ‘Φsec’ are the phase angle of the injected voltage of the three phases. 
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   Let us desire to balance the magnitude of ‘VLa’, ‘VLb’ and ‘VLc’ i.e. unbalanced load voltages (note: unbalance in 
load voltages is due to the unbalance in source voltages) at ‘V
*’. Then, the reference voltage of the three phases for 
the voltage to be injected by the series device (from eqn. (9), eqn. (10) and eqn. (11)) can be expressed as eqn. (12), 
eqn. (13) and eqn. (14). 
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3.2 Analysis of Shunt Component of DGSC-UPQC
   Distribution system shown in Figure 2 with the shunt component of DGSC-UPQC is shown in Figure 4. The shunt 
component  is  represented  by  an  ideal  current  source  and  is  used  for  the  compensation  of  reactive  power  and 
unbalance in source currents. ‘If’ and ‘γ’ are magnitude and angle of the current supplied by shunt component.
γ
L θ
t α
L β
Figure 4. Distribution system with shunt component of DGSC-UPQC supplying reactive power
   In Figure 4 ‘Ps1’ and ‘Qs1’, i.e. positive sequence active and reactive power supplied by the shunt component, is 
given by eqn. (15) and eqn. (16) respectively. Where,    Is1 is the positive sequence current of the source.   
) Cos(θ I V P L s1 s s1                                                 (15)                                                                                                                                  
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   Positive sequence reactive power of the shunt component, i.e. ‘Qcsh1’ in Figure 4, is given by eqn. (17). Where, 
   If1 is the positive sequence current of the shunt component.   
) γ - Sin(β    I V Q 1 L f1 L csh1                                       (17)                                                                                                  
   Positive sequence active and reactive power of the load, i.e. ‘PL1’ and ‘QL1’ in Figure 4, is given by eqn. (18) and 
eqn. (19) respectively.     IL1 represents the positive sequence load current.   
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   Applying power balance equation (using eqn. (16), eqn. (17) and eqn. (19)) at the receiving end, the positive 
sequence current to be supplied by the shunt compensator can be obtained as given by eqn. (20).
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   Substituting the expression for SinθL (obtained from eqn. (19)) in eqn. (20) we get eqn. (21)IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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Eqn. (21) gives the magnitude of the positive sequence current to be supplied, by the shunt component, for the 
compensation of reactive power and unbalance in currents. Magnitude of the negative and zero sequence current i.e. 
If2 and  If0 [ 6], of the shunt component, is given by eqn. (22) and eqn. (23). 
L2 f2 I I                                                                        (22)                                                                                                                                        
L0 f0 I I                                                                        (23)                                                                                                                                           
Reference currents (in terms of a-b-c co-ordinates) for the shunt component can be obtained from eqn. (21), eqn. 
(22), and eqn. (23) by using the transformation matrix given by eqn. (24). 
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It is mentioned earlier, in a three phase system with unbalanced source voltages and balanced load currents, negative 
and positive sequence active and reactive power are zero. And also, in a three phase system with balanced source 
voltages  and  unbalanced  load  currents,  negative  and  positive  sequence  active  and  reactive  power  are  zero.  
Therefore, eqn. (20) in terms of a-b-c coordinates can be expressed as eqn. (25), eqn. (26) and eqn. (27). ‘ILa’, ‘ILb’ 
and ‘ILc’ are currents of the three phases. ‘ISa’, ‘ISb’ and ‘ISc’ are source currents of the three phases.  ‘γa’, ‘γb’ and ‘γc’ 
are phase angle of the currents ‘Ifa’, ‘Ifb’ and ‘Ifc’ respectively. ‘βLa’, ‘βLb’ and ‘βLc’ are the angle of the load voltages 
‘VLa’, ‘VLb’ and ‘VLc’ respectively. 
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   To maintain the magnitude of ‘ISa’, ‘ISb’ and ‘ISc’ i.e. unbalanced source currents at ‘I
*’, the reference currents for 
the shunt component (from eqn. (25), eqn. (26) and eqn. (27)) can be written as eqn. (28), eqn. (29) and eqn. (30).
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3.3 Series and Shunt Component OF DGSC-UPQC
The arrangement of series and shunt component of DGSC-UPQC for carrying simultaneous operations of real and 
reactive power supply, compensation of unbalance in load voltages, and source currents is shown in Figure 5. Series 
component is represented by an ideal voltage source and shunt component by an ideal current source. Active and 
reactive power, from the DG source, is supplied into the system through the series component. Series component, IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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besides the active and reactive power supply into the system, compensates the unbalance in load voltages. Shunt 
component is used for compensating the reactive power and unbalance in currents.
L θ
γ
t α se 
L β
Figure 5. Distribution system with series and shunt component (of DGSC-UPQC)
Reference voltages and currents derived in Section 3.1 and Section 3.2 are used for series and shunt component 
respectively. Series component is used for active power supply, and compensation of unbalance in load voltages. 
Shunt component is used for compensation of reactive power and unbalance of source currents.
4. ECONOMICAL OPERATION OF DGSC-UPQC
Distribution system with series component of DGSC-UPQC for the study of economical operation is shown in Figure
6. It is assumed, the system is balanced; from voltages and currents point of view. But, the load draws both active 
and reactive power. Active power required  by the series component is supplied by the DG source. The phasor 
diagram for the system, given in Figure 6, is shown in Figure 7.
The main aim of this section is to find the values of ‘Vse’ of the series component (maintaining unity power factor at 
the input terminal) so that the DG can be operated economically (i.e. with minimum fuel cost). 
Considering the phasor diagram shown in Figure 7 active power at the input terminal of series component is given by 
eqn. (31).
) θ - Cos(180    I V P L se s t s                                 (31)                                                                            
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Figure 6.  Economical operation: series component
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Figure 7. Phasor diagram:  distribution system with series component of DGSC-UPQC
   In Figure 6, ‘Pcse’ i.e. active power of the series component is given by eqn. (32).
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The objective function, i.e. fuel cost, to be minimized is given by eqn. (33). ‘Pdg’ is the active power supplied by the 
DG source. λ1, λ2 and λ3 are the coefficients of the objective function. Numerical values of λ1, λ2 and λ3 are given in 
Appendix.
3 dg 2
2
dg 1 λ P λ P λ F                                                     (33)                                                                                                                
It has been mentioned earlier ‘Pdg’ is equal to ‘Pcse’ therefore the objective function given by eqn. (33) can be written 
as eqn. (34).
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   Substitution of eqn. (32) in eqn. (34) gives eqn. (35).
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Substituting CosθL =PL/VLIL and SinθL =QL/VLIL (in order to make the objective function independent of the angle of 
the load impedance) in eqn. (35) we get eqn. (36).
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The value of ‘Φse’, for unity power factor operation, which has to be used during the minimization of the objective 
function, can be obtained from eqn. (31). Minimization of the objective function, after substituting the value of   
‘Φse’ obtained from eqn. (31), gives the value of ‘Vse’ (voltage to be injected by the series component); at which the 
fuel cost of the DG is minimum. Variation of fuel cost with the output power of the DG source is shown in Figure 8.   
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Figure 8. Variation of fuel cost with output power
4.1 Economical Operation of DGSC-UPQC with ANN
The arrangement of neural network to find the optimal value of the voltage to be injected by the series component for 
economical operation of the DG source is shown in Figure 9.  Active power required by the series component is 
supplied by the DG. 
L θ
*
sen V
se 
se  L β
t α
Figure 9.  Arrangement of neural network for economical operation
A neural network consists of simple processing units. The basic unit of the neural network is called as neuron. A 
neuron unit is shown in Figure 10. The output of the neuron is passed through an activation function, and it given by 
eqn. (37). Different types of activation functions are linear, hyperbolic tangent, etc.IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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 
n
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Figure 10. Neuron unit
Feed forward multilayer neural networks are the commonly used neural networks due to their simplicity.  A feed 
forward neural network consists of an input layer, hidden layer and an output layer. Number of nodes and neurons, in 
the input and output layer respectively, depends on the number of inputs and outputs of the system or application. 
Whereas,  the number of units in the hidden layer are chosen heuristically. The input nodes (of an input layer) 
transfer the input-signals to the units in the hidden layer.  Neurons in the hidden and output layer processes the 
signals, received from the external world.   Learning or training of a neural network is carried  by changing the 
weights and biases, based on the minimization of error: between the input and the corresponding output.  
The architecture of neural network (given in Figure 9) is shown in Figure 11. The neural network is of feed-forward 
type of network with four nodes in the input layer. Four tan-sigmoid neurons and one pure linear neuron are used in 
the hidden and output layers respectively. ‘PL’, active power of the load, ‘QL’, reactive power of the load, ‘VL’, 
voltage across the load, and ‘Φse’, angle of the voltage to be injected are the inputs to the neural network. ‘ *
sen V ’, is 
the output of the neural network i.e. the optimal value of the voltage to be injected by the series component.
se 
*
sen V
Figure 11. Neural network architecture
The implementation of neural network to find the optimal value of ‘Vd’, using the network given in Figure 11, is 
carried through Neural Network Tool Box of MATLAB software. Table 1 gives the comparison of (optimal) values 
of ‘Vse’ at different load conditions. ‘
*
se V ’ and ‘
*
sen V ’ are the optimal values (of the injected voltage) obtained with
conventional and neural method, respectively. 
*
sen V *
se V
Table 1. Optimal values of the injected voltage at  different loads:   conventional and neural methods
From Table 1, it can be seen the neural network trained with ‘6’ i.e. ‘six’ iterations produce the output almost closer 
to  the  optimal  value  obtained  by  the  conventional  method.  And,  the  neural  network  can  be  used  for  practical 
realization of finding out the optimal value of the injected voltage, for the system considered.3IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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5. RESULTS AND DISCUSSIONS
Simulations are carried in PSCAD software. Parameters of the system [4] are given in Appendix. The main aim of the 
DGSC-UPQC is to supply real and reactive power into the system, along with the compensation of unbalance in load 
voltages and source currents. 
5.1 Series component: active and reactive power supply, and compensation of unbalance in load voltages 
Active and reactive power in the system, before and after the connection of series component, is shown in Figure 12a 
and Figure 12b respectively. It can be seen, source supplies both active and reactive power equal to that of the drawn 
by the load i.e. Ps=PL=0.8 MW and Qs=QL=0.25 MVAR. The series device is switched into the system at t=2sec. It 
can be seen the device is supplying active and reactive power of 0.2 MW and 0.1 MVAR respectively. 
Time (sec)
Real Power
   0    1    2    3    4    5   -1
-0.6
-0.2
+0.2
+0.6
  +1
PL Ps Pc
(a)
      Time (sec)
Reactive Power
   0    1    2    3    4    5   -1
-0.6
-0.2
+0.2
+0.6
  +1
QL Qs Qc
(b)
Figure 12.  Active (a) and reactive power (b) before and after the connection of series component
Unbalanced  source voltages of the three phases are  shown in Figure 13a.  Unbalance in source voltages causes 
unbalance in load voltages as shown in Figure 13b. Maximum or peak value of the voltages of three phases is 6.2 
KV, 4.3 KV and 5.3 KV. Balanced load voltages obtained with the series compensation are shown in Figure 13c. It 
can be observed, due to the action of series compensation the load voltages are almost balanced with a maximum 
value closer to 6.8 KV, though the source voltages are unbalanced.
Time (sec)
source voltages
0.82 0.85 0.88 0.91 0.94 0.97   -8
-4.8
-1.6
+1.6
+4.8
  +8
Vsa Vsb Vsc
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   Time (sec)
Load Voltages
0.83 0.86 0.89 0.92 0.95 0.98   -8
-4.8
-1.6
+1.6
+4.8
  +8
vla vlb vlc
(b)
Time (sec)
Load Voltages
2.96 2.99 3.02 3.05 3.08 3.11   -8
-4.8
-1.6
+1.6
+4.8
  +8
vla vlb vlc
(c)
Figure  13. Unbalanced source voltages (a), unbalanced load voltages (b), balanced load voltages (c) in steady state
Voltages injected by the series component, for the compensation of unbalance in load voltages (given in Figure 13b), 
are shown in Figure 14. Maximum or peak value of the voltages (injected) of three phases is 0.5 KV, 2.5 KV and 1.5 
KV. It can be observed, compensation voltage required in phase-b is more compared to that of phase-c and phase-a. 
Time (sec)
Phase-a
2.01 2.048 2.086 2.124 2.162  2.2 -0.5
-0.3
-0.1
+0.1
+0.3
+0.5
vda
  
Figure  14a. Compensation or injected voltage of phase-a 
      Time (sec)
Phase-b
2.01 2.052 2.094 2.136 2.178 2.22   -3
-1.8
-0.6
+0.6
+1.8
  +3
vdb
Figure  14b. Compensation or injected voltage of  phase-b IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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Time (sec)
Phase-c
2.01 2.052 2.094 2.136 2.178 2.22   -2
-1.2
-0.4
+0.4
+1.2
  +2
vdc
Figure  14c. Compensation or injected voltage of phase-c
5.2 Series component: supplying active power only, and compensation of unbalance in load voltages 
Active power of the load, source and the series component are shown in Figure 15a. Reactive power of the load, source 
and series component are shown in Figure 15b. It can be seen, before the series component is switched into the system, 
source  is  supplying  both  active  and  reactive  power  equal  to  that  of  the  drawn  by  the  load  i.e.  Ps=PL=0.8  MW and 
Qs=QL=0.25 MVAR. The series device, switched into the system at t=2sec, supplies an active power of 0.2 MW. Reactive 
power supplied by the series component is zero. Reactive power drawn by the load is supplied by the source.
Time (sec)
Real Power
   0    1    2    3    4    5   -1
-0.6
-0.2
+0.2
+0.6
  +1
PL Ps Pc
    
(a)                                                                  
   Time (sec)
Reactive Power
   0    1    2    3    4    5   -1
-0.6
-0.2
+0.2
+0.6
  +1
QL Qs Qc
(b)
Figure 15.  Active (a) and reactive power (b) before and after the connection of series component
Unbalanced load voltages of the three phases are shown in Figure 16a. Balanced load voltages obtained with the series 
component, are shown in Figure 16b. It can be seen, the action of series component makes the load voltages almost 
balanced, with a maximum value closer to 6.8 KV; even if the source voltages are unbalanced.
Time (sec)
Load Voltages
0.89 0.926 0.962 0.998 1.034 1.07   -8
-4.8
-1.6
+1.6
+4.8
  +8
vla vlb vlc
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Time (sec)
Load Voltages
2.78 2.814 2.848 2.882 2.916 2.95   -8
-4.8
-1.6
+1.6
+4.8
  +8
vla vlb vlc
(b)
Figure  16. Unbalanced (a) and balanced (b) load voltages 
5.3 Shunt component: compensation of reactive power and unbalance in currents 
From Figure 17a and Figure 17b it can be seen, source supplies active and reactive power  equal to that of the drawn 
by the load i.e. Ps=PL=1.27 MW and Qs=QL=0.42 MVAR. Shunt component switched into the system at t=2sec, is 
supplying a reactive power of 0.3 MVAR. It can be seen from Figure 17b after the shunt component is switched into 
the system (at t=2sec), reactive power of the source reduces from 0.42 MVAR to 0.1 MVAR. Moreover, active 
power supplied by the shunt compensator is nearly equal to zero.  
Time (sec)
Real Power
   0    4    8   12   16   20 -0.2
+0.16
+0.52
+0.88
+1.24
+1.6
PL Ps Pc
(a)
Time (sec)
Reactive Power
   0    4    8   12   16   20 -0.5
-0.3
-0.1
+0.1
+0.3
+0.5
QL Qs Qc
(b)
Figure 17.  Active (a) and reactive power (b)
Unbalanced source currents, due to the unbalanced loads, are shown in Figure 18a. Maximum value of the source 
currents of three phases is 0.106 KA, 0.198 KA and 0.136 KA. Balanced source currents, obtained with shunt 
component, are shown in Figure 18b. It can be seen, the source currents are balanced with a maximum or peak value 
nearly equal to 0.15 KA.IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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Source Currents
Time (sec)
0.79 0.836 0.882 0.928 0.974 1.02 -0.25
-0.15
-0.05
+0.05
+0.15
+0.25
isa isb isc
     
(a)
      
Source Currents
Time (sec)
 9.4 9.446 9.492 9.538 9.584 9.63 -0.25
-0.15
-0.05
+0.05
+0.15
+0.25
isa isb isc
(b)
Figure 18.  Unbalanced source currents (a), balanced source currents (b) 
Currents supplied by the shunt component, for compensating the unbalance of source currents (shown in Figure 18a), 
are shown in Figure 19. Maximum or peak value of the current (injected) in phase-a, phase-b and phase-c is 0.045 
KA, 0.039 KA and 0.015 KA. 
Time (sec)
Phase-a
5.61 5.694 5.778 5.862 5.946 6.03 -0.08
-0.052
-0.024
+0.004
+0.032
+0.06
ifa
   
(a)
     Time (sec)
Phase-b
5.61 5.694 5.778 5.862 5.946 6.03 -0.05
-0.03
-0.01
+0.01
+0.03
+0.05
ifb
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Time (sec)
Phase-c
5.61 5.694 5.778 5.862 5.946 6.03 -0.02
-0.01
  +0
+0.01
+0.02
+0.03
ifc
(c)
Figure  19. Compensation currents
From Figure 17b and Figure 18b, it can be said the shunt component can compensate (i) reactive power of the load, 
and (ii) unbalance in currents.
5.4 Simultaneous operation: series and shunt component
Active and reactive power of the source, load, series and shunt component (operating simultaneously) are shown in 
Figure 20a and Figure 20b. Source is supplying both active and reactive power equal to that of the drawn by the load 
i.e. Ps=PL=0.9 MW and Qs=QL=0.25 MVAR. Series and shunt components are switched into the system at t=2sec. 
Series  component  supplies  both  active  and  reactive  power  of  0.2  MW  and  0.14  MVAR  respectively.  Shunt 
component  supplies  reactive  power  of  0.15  MVAR.  Active  power  supply  from MVAR  respectively.  Shunt 
component supplies reactive power of 0.15 MVAR. Active power supply from the shunt component is zero. From 
Figure 20b it can be seen, with the series and shunt components switched into the system (at t=2sec), reactive power 
of the source reduces from 0.25 MVAR to 0.1 MVAR.  
Time (sec)
Real Power
   0  1.4  2.8  4.2  5.6    7 -1.5
-0.9
-0.3
+0.3
+0.9
+1.5
PL Ps Pcsh Pcse
(a)
   Time (sec)
Reactive Power
   0  1.4  2.8  4.2  5.6    7   -1
-0.6
-0.2
+0.2
+0.6
  +1
QL Qs Qcsh Qcse
(b)
Figure. 20.  Active (a) and reactive powers (b) with simultaneous operation of series and shunt componentIJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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Load voltages and source currents, before and after the series and shunt components (simultaneously) switched into 
the system, are shown in Figure 21 and Figure 22 respectively. It can be seen from Figure 21a and Figure 22a both 
load voltages and source currents are unbalanced. Balanced load voltages and source currents obtained due to the 
action of the combined series and shunt component of the DGSC-UPQC is shown in Figure 21b and Figure 22b 
respectively. 
Time (sec)
Load Voltages
0.46 0.494 0.528 0.562 0.596 0.63   -8
-4.8
-1.6
+1.6
+4.8
  +8
vla vlb vlc
    
(a)
Time (sec)
Load Voltages
3.75 3.782 3.814 3.846 3.878 3.91   -8
-4.8
-1.6
+1.6
+4.8
  +8
vla vlb vlc
(b)
Figure 21.  Unbalanced (a), and balanced (b) load voltages
Time (sec)
SourceCurrents
 0.3 0.342 0.384 0.426 0.468 0.51 -0.15
-0.09
-0.03
+0.03
+0.09
+0.15
isa isb isc
   
(a)
     Time (sec)
SourceCurrents
4.04 4.08 4.12 4.16  4.2 4.24 -0.15
-0.09
-0.03
+0.03
+0.09
+0.15
isa isb isc
(b)
Figure 22.  Unbalanced (a), and balanced (b) currents
Figure 21b and Figure 22b, demonstrates the series and shunt components (operating simultaneously) compensate 
unbalance in load voltages and source currents respectively.IJRRAS 4 (1) ● July 2010 Sridhar Reddy ● Feasibility Analysis of DGSC-UPQC
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6. CONCLUSION
The possibility of DGSC-UPQC for power quality improvement i.e. compensation of unbalance in load voltages, 
currents and reactive power is presented. Economical operation of the DG source, while maintaining unity power 
factor  at the input terminal of the series component, has been carried. Implementation of economical operation 
scheme of DG, with the series component input terminal at unity power factor, using neural networks has been 
shown through Matlab. The presented simulation studies demonstrate the DGSC-UPQC: 
 can compensate (i) reactive power of the load and (ii) unbalance in currents.
 can compensate unbalance in load voltages.
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8.   APPENDIX
Parameter Numerical Value
Source Voltage (Vs) 11KV
Source resistance (rs) 1.0Ω
Source reactance (xs) 2.0 Ω
Load Impedance (ZL) 55+j20Ω
Coefficients of the objective 
function
λ1=2.8, λ2=3.5, λ3=5